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A Texel muscling quantitative trait locus (TM-QTL) has been identiﬁed on chromosome 18, which
increases loin muscling, but may also have a negative impact on mechanically-measured loin tenderness
in crossbred lambs, depending on conditioning time. This study investigated the inﬂuence of a range of
conditioning times (3, 5, 7 or 9 days) on the effect of TM-QTL on loin muscle tenderness. Using Texel rams
heterozygous for TM-QTL, mated to non-carrier Mule ewes, heterozygous (n = 45) and wild-type (n = 50)
crossbred lambs were produced. Weight of the valuable Longissimus lumborummuscle was higher in TM-
QTL carriers than non-carriers, when compared at a ﬁxed age (+11.5%; P = 0.038), with the same trend at a
ﬁxed carcass weight (+10.2%; P = 0.064). Toughness, measured by shear force, was signiﬁcantly higher in
samples from TM-QTL carriers than non-carriers, after conditioning for 3 days (P = 0.002), 5 days
(P = 0.003) or 7 days (P = 0.03), but was not signiﬁcantly different after 9 days of conditioning
(P = 0.32). Compared to non-carrier lambs, the proportion of samples above consumer acceptability
thresholds for toughness was greater in the TM-QTL carrier lambs after 3 and 5 days of conditioning, sim-
ilar at 7 days, but lower at 9 days. The results suggest that the negative effect of TM-QTL on loin tender-
ness in crossbred lambs can be overcome by conditioning for more than 7 days. Marketing of TM-QTL
carrier lambs through companies that use enhanced processing protocols could be beneﬁcial, due to
higher loin muscle weights, without negative effects on meat quality.
 2010 Elsevier Ltd. All rights reserved.1. Introduction
The majority of slaughter lambs in the UK are from crossbred
ewes mated to terminal sire breed rams. Crossbred ewes born to
longwool breed sires (e.g. Bluefaced Leicester, Border Leicester)
and hill breed dams (e.g. Scottish Blackface, Swaledale) produced
over 32% of lambs sold for meat in 2003 (Pollott & Stone, 2006),
whilst terminal sire breeds sired 71% of the slaughter population,
with Texel rams mated to the largest number of ewes. Any genetic
advances achieved in terminal sire breeds that affect slaughter
characteristics are therefore likely to have the largest commercial
impact if they are expressed in crossbred progeny.
Since the identiﬁcation of a muscling quantitative trait locus
(QTL) on chromosome 18 (OAR18) in Texel sheep (Walling et al.,
2004), a collaborative project was set up to fully evaluate the ef-
fects of this QTL (known as TM-QTL) in purebred and crossbred
lambs. Effects of TM-QTL on a range of carcass traits were investi-ll rights reserved.
, West Perthshire, FK20 8RU.
be).gated in crossbred lambs and results showed signiﬁcant increases
in loin muscling at a given live or carcass weight, as measured by
ultrasound, X-ray computed tomography (CT) and carcass dissec-
tion, but did not show substantial effects on muscling in other
body regions (Macfarlane et al., 2009).
Leg and loin muscle samples from the same lambs were subse-
quently used to investigate the effects of TM-QTL on key meat
quality traits, tenderness and intramuscular fat, after conditioning
for at least 7 days (Lambe et al., 2010). The meat quality results,
conﬁrmed using different tenderness tests, indicated that male
(castrated) lambs that were carriers of the TM-QTL had increased
toughness (decreased tenderness) of the loin compared to non-car-
riers, as well as a decrease in intramuscular fat. However, there
were no signiﬁcant differences in these traits between carrier
and non-carrier females, and no signiﬁcant differences for the leg
muscle.
Other results for tenderness of lamb and beef (e.g. Destefanis,
Brugiapaglia, Barge, & Dal Molin, 2008; Miller, Carr, Ramsey, Crock-
ett, & Hoover, 2001; Platter et al., 2003; Shorthose, Powell, & Har-
ris, 1986) suggest a Warner–Bratzler shear force threshold of
around 5–5.5 kgF (approximately 49–54 N), above which con-
716 N.R. Lambe et al. /Meat Science 85 (2010) 715–720sumer acceptability declines. For the MIRINZ tenderometer,
acceptable values of between 4 and 8 kgF (approximately 39–
78.5 N) have been suggested, with those greater than 8 kgF indicat-
ing unacceptably tough meat (Jopson et al., 2001). Although the in-
crease in mean shear force for the loin observed in the study by
Lambe et al. (2010) was statistically signiﬁcant, the differences re-
ported may not be of commercial relevance, as means from each
group were below these published thresholds, and so within the
acceptable range. However, it was noted that there were a few
TM-QTL carriers that were outliers in the tougher part of the range
(shear force >8.0 kgF) and this degree of toughness is very likely to
cause consumer dissatisfaction and would be of concern to retail-
ers who are looking for a consistent product. Carcass processing
protocols used in the study by Lambe et al. (2010) equate with
the highest industry standard in the UK, with electrical stimulation
and 7–12 days ageing. Many slaughter plants will typically age car-
casses for around 3–5 days, and do not use electrical stimulation.
However, reported results (Lambe et al., 2010) do not show the
consequences of the more traditional commercial processing pro-
tocols on TM-QTL meat tenderness, and in particular whether the
differences would then be of sufﬁcient magnitude to be detected
by consumers.
Information from basic meat science suggests that tenderness
improves over time after slaughter, with 50% ageing being
achieved by 3.3 d and 80% by 7.7 d (Dransﬁeld, Jones, & MacFie,
1981). Taste panel assessments show that lamb loin samples that
have been conditioned for 10 days are scored as signiﬁcantly more
tender than those conditioned for 5 days by trained assessors
(SEERAD, 2004). However, it is unclear whether the rates of change
over time would be the same for carcasses of lambs carrying TM-
QTL as those from non-carriers. It is, therefore, vital to understand
the effect of the TM-QTL on tenderness in lamb carcasses repre-
senting mainstream production, and also to determine the effect
of ageing on TM-QTL meat quality, before it is possible to recom-
mend selection for TM-QTL to the wider UK sheep industry.
The Callipygemutation (CLPG), which is also found on OAR18, is
associated with increased muscularity, lean yield and dressing per-
centage and reduced carcass fat, but has also been found to sub-
stantially increase toughness of meat and lower intramuscular
fat content (Cockett et al., 1999; Duckett, Snowder, & Cockett,
2000). Loin chops from CLPG carrier lambs were found to be tough-
er than chops from non-carriers after ageing for 1, 3, 6, 12 or
24 days, although no signiﬁcant differences were found in tough-
ness of leg muscle samples. Although post-mortem ageing reduced
shear force in both CLPG carrier and non-carrier lambs, the reduc-
tion happened more slowly and over a longer time period in the
carrier lambs (Duckett, Klein, Dodson, & Snowder, 1998). Another
QTL located in a similar position as TM-QTL on OAR18, termed
the rib-eye muscling QTL (also known as LoinMAX or LM-QTL;
Masri et al., 2010), was associated with a signiﬁcant increase in
loin shear force in New Zealand lambs that were QTL carriers
(+1.54 kgF or 15.1 N) compared to non-carriers, when samples
had been frozen immediately after slaughter (Jopson et al., 2001).
However, this difference was not signiﬁcant in samples that had
undergone an enhanced post-slaughter regime, where the loin
was chilled and aged for six weeks prior to testing. New Zealand
lamb is commonly aged for extended periods of several weeks dur-
ing export of chilled carcasses on ships to other countries. How-
ever, in the UK, much shorter ageing times (of 3–5 days) are
common, making conditioning effects on meat quality much more
important when considering lambs carrying these muscling QTL.
Since the loin is the most valuable meat cut in lamb, and the
only signiﬁcant differences in tenderness between TM-QTL carriers
and non-carriers found to date were limited to shear force of this
cut (Lambe et al., 2010), the loin was chosen to perform further
tenderness tests. The objective of the current study was, therefore,to investigate the inﬂuence of a range conditioning times, that
were relevant to the UK industry, on the effect of TM-QTL on loin
muscle tenderness in crossbred lambs.2. Materials and methods
2.1. Animals and management
Female and entire male lambs were produced on the commer-
cial farm at Aberystwyth University by mating two known TM-
QTL heterozygous carrier rams to 18-month-old Mule ewes in
mid- to late-October 2007. Natural mating took place in single-sire
mating groups. All lambs were tagged at birth and were managed
in a grass-based system of production typical of the UK lowland
sector. All procedures involving animals were approved by the
SAC and Aberystwyth University animal ethics committees and
were performed under UK Home Ofﬁce license, following the reg-
ulations of the Animals (Scientiﬁc Procedures) Act 1986.
A power calculation (Rasch, Herrendörfer, Bock, & Busch, 1978),
based on the variation in shear force encountered in the previous
study (standard deviation 1.35 kgF; Lambe et al., 2010), suggested
that 40 lambs per genotype (heterozygous carrier and non-carrier)
were sufﬁcient to generate statistically valid data. This calculation
used a value of 0.85 kgF as the smallest relevant difference be-
tween groups, which was based on data collected at the University
of Bristol (A.V. Fisher, personal communication). It had been found
that a taste panel difference of half a score unit in an eight point
category scale for tenderness equated to approximately 0.85 kgF.
To accommodate possible inter-experimental variation, a total of
45 TM-QTL carrier (C) lambs (25 males and 20 females) and 50
non-carrier (NC) lambs (32 males and 18 females) were reared to
slaughter. Of these lambs, 25 were reared as singles (9 C, 16 NC)
and 70 as twins (36 C, 34 NC). Lambs were sent for slaughter to
an abattoir of Welsh Country Foods on Anglesey at approximately
21 weeks. Actual age at slaughter ranged from 148 to 157 days
(average 152 days), resulting in carcass weights ranging from 8.2
to 21.8 kg (average 13.7 kg). Carcasses were electrically stimulated
post-slaughter (ca. 4 h after slaughter).2.2. Evaluation of shear force
Both left and right loin muscles (Longissimus lumborum) were
dissected from all carcasses under commercial conditions 24 h
after slaughter and sent in refrigerated transport to the University
of Bristol for subsequent evaluation of shear force. On arrival at the
laboratory, each of the two loins per animal was weighed, and then
cut in half. For each genotype group (C and NC), each of the four
loin sections within-animal were allocated to different condition-
ing treatments (3, 5, 7 or 9 days) using a rotational scheme (Fig. 1).
Once allocated to treatment, each sample was vacuum-packed,
labelled with animal identiﬁcation number, genotype group, con-
ditioning time and date and was aged (at 1 C) for the appropriate
number of days for the treatment to which it was allocated. Sam-
ples were then frozen in a blast freezer for subsequent texture
measurement at a later date.
Following thawing, samples were cooked (in vacuum pack bags)
in water at 80 C to an internal temperature of 78 C (Teye et al.,
2006). Samples were cooled in ice then held at 4 C. Ten
10  10  20 mm blocks were cut from each muscle in the direc-
tion of the muscle ﬁbres and sheared, using a TA-XT2 texture ana-
lyser (Stable Micro System, Surrey, UK) ﬁtted with Volodkevitch-
type jaws. Toughness was recorded as the force (kgF) required to
shear the sample, with tougher (less tender) samples resulting in
higher values. Results were averaged from a maximum of 10
sub-samples per muscle. However, some samples were not large




























Fig. 2. The effect of conditioning time on least-squares (LS) means for shear force of
loin muscle from lambs of different TM-QTL genotypes.
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certain sub-samples were discarded if they were obvious outliers.
This resulted in the number of sub-samples ranging from 4 to 10.
2.3. Statistical analysis
Evaluation of the effects of TM-QTL status on total dissected loin
muscle weight (summed from the right and left sides of the car-
cass) was performed ﬁtting a general linear regression using Gen-
stat statistical software (Payne, Murray, Harding, Baird, & Soutar,
2005). Tested in the model were the effects of slaughter age or cold
carcass weight (CCW) as a covariate, and sex (entire male or fe-
male), rearing rank (single or twin), TM-QTL status (carrier or
non-carrier) and all two-way interactions between these three
ﬁxed effects. Sire was not signiﬁcant when ﬁtted as a ﬁxed effect
in the model and when ﬁtted in a mixed model as a random effect
the regression analysis would not converge, so sire was dropped
from the model.
The shear force data set included 380 records – four per animal,
one record for each of the conditioning treatments. To assess the
signiﬁcance of TM-QTL status on shear force of loin muscle (ShF),
general linear regression was performed using Genstat (Payne
et al., 2005) to select the best ﬁxed effects model from a maximal
model including slaughter age or CCW as a covariate, sex, rearing
rank, conditioning time (3, 5, 7 or 9 days), loin section (A, B, C or
D), TM-QTL status and all possible two-way interactions between
factors. The ﬁxed effect model ﬁtted was:
yijklmno ¼ lþ sexi þ CTj þ LSk þ TMl þ CTLSm þ CTSn þ CTTMo
þ eijklmno ð1Þ
where yijklm is the shear force of loin muscle, l is the overall mean,
sexi was the ﬁxed effect of the sex (i = 1,2), CTj was the ﬁxed effect
of the conditioning time (j = 3,. . ., 9 days), LSk was the ﬁxed effect of
loin section (k = A,B,C, and D), TMl was the ﬁxed effect of TM-QTL
status (l = 1,2), CTLSm was the interaction between conditioning
time and loin section, CTSn was the interaction between condition-
ing time and sex, and CTTMo was the interaction between condi-
tioning time and TM-QTL status, ﬁnally eijklmo was the residual
effect.The ﬁnal model was ﬁtted in a REML analysis and included:
Y ¼ Xbþ Zuþ e ð2Þ
where b and u are vectors of ﬁxed effects and animal additive ef-
fects, respectively, X and Z are the incident matrices relating the
data to each of these vectors, and e are residual effects. The random
effects u and e were assumed normally distributed as N(0, ur2a) and
N(0, Ir2e ), respectively.
Least-squares means were estimated for TM-QTL genotypes and
for the interaction of this factor with conditioning time.To investigate whether TM-QTL carriers were more likely to be
unacceptably tough, the proportion of samples falling above the
threshold of consumer acceptability (taken as 5.5 kgF, based on
previous studies using Warner–Bratzler shear force, Destefanis
et al., 2008; Miller et al., 2001; Platter et al., 2003; Shorthose
et al., 1986) was calculated within each genotype/conditioning
time group, after ShF values had been adjusted for sex and loin sec-
tion. Similarly, the proportion of samples above the highest litera-
ture estimate for ShF acceptability that could be found (8 kgF using
a MIRINZ tenderometer, Jopson et al., 2001) was calculated for each
group, after adjustment for sex and loin section.
These adjusted shear force values were then plotted against
conditioning time, within TM-QTL genotype group, and a linear
regression line ﬁtted, to investigate whether the rate of tenderisa-
tion differed between carriers and non-carriers.3. Results
3.1. Dissected loin weights
There was a signiﬁcant increase in loin weight (11.5%;
P = 0.038) of TM-QTL carriers (least-squares mean 1.432 kg) com-
pared to non-carriers (1.284 kg, standard error of difference
(s.e.d.) 70 g) after adjusting for age and rearing rank (other ﬁxed ef-
fects were not signiﬁcant). When loin weight was adjusted for
CCW, instead of age, and rearing rank, there was a 10.2% increase
in TM-QTL carriers (1.423 kg) compared to non-carriers (1.291 kg,
s.e.d. 70 g), which fell just below signiﬁcance (P = 0.064).3.2. Loin shear force
Across all ageing times, TM-QTL status had a signiﬁcant effect
(P = 0.007) on loin shear force, with carriers having signiﬁcantly
tougher meat than non-carriers: 6.25 vs. 5.17 kgF, s.e.d. 0.39
(61.3 vs. 50.7 N, s.e.d. 3.8 N). Shear force was signiﬁcantly higher
after conditioning for 3 days (6.11 kgF, 59.9 N) or 5 days
(6.27 kgF, 61.5 N) than after conditioning for 7 days (5.18 kgF,
50.8 N) or 9 days (5.27 kgF, 51.7 N), across all lambs (average
s.e.d. 0.20 kgF, 1.9 N). When least-squares (LS) means for the inter-
action between conditioning time and TM-QTL status were com-
pared (Fig. 2), there were signiﬁcant differences between carriers
and non-carriers after conditioning for 3, 5 and 7 days of
P < 0.002, P < 0.003 and P < 0.03, respectively. However, these dif-
718 N.R. Lambe et al. /Meat Science 85 (2010) 715–720ferences were non-signiﬁcant after 9 days of conditioning
(P = 0.32). Within non-carriers, the only signiﬁcant difference in
shear force between conditioning times was between 5 and 7 days.
However, within TM-QTL carriers, the shorter two conditioning
times (3 and 5 d) resulted in signiﬁcantly tougher meat than the
longer two treatments (7 and 9 d).
Loin samples taken from the caudal end (back) of the loin, sec-
tions B and D, were signiﬁcantly less tough than those from the
cranial end of the loin. Samples from the same position on either
side of the carcass (i.e. A vs. C; B vs. D; Fig. 1) were not signiﬁcantly
different to each other at any of the four time points. Least-squares
means for A and C were therefore averaged at each time point, and
means from B and D were averaged, to show the results in Fig. 3.
Samples from the caudal end (B and D) were signiﬁcantly less
tough than those from the cranial end (A and C) of the loin at days
5 and 9 of conditioning.
There was no signiﬁcant sex difference in toughness, except for
the 5 day conditioned samples (where females were signiﬁcantly
tougher than males). Sex by genotype interaction, rearing rank,
CCW or slaughter age did not account for signiﬁcant additional var-
iation in shear force, so were not ﬁtted in the ﬁnal model.
Raw standard deviation (s.d.) for ShF was similar for carriers
and non-carriers (2.3), overall. However, at 3 d conditioning, carri-
ers had a higher s.d. (2.45 vs. 1.90) and at 9 d conditioning carriers
had a lower s.d. (1.82 vs. 2.28), although at 5 and 7 d conditioning





























Fig. 3. The effect of conditioning time on least-squares (LS) means for shear force of


























   
carrie
non-c
Fig. 4. Proportion of samples in each genotype/conditioning time group above acceptabiAll least-squares mean values shown in Fig. 2 are above 5.5 kgF,
except for the means for non-carrier samples conditioned for 7 or
9 days, implying that a signiﬁcant proportion of samples were
above previously-published consumer acceptability levels of
toughness. The proportion of samples within each genotype/condi-
tioning time group with ShF values above 5.5 kgF or 8 kgF (after
adjusting for sex and loin section) are shown in Fig. 4a and b,
respectively. After 3 days of conditioning more samples from car-
rier lambs than from non-carriers were above the 8 kgF threshold
and at 5 days of conditioning more carrier lambs were above both
threshold values. However, by day 7 of conditioning, proportions
were similar between the genotypes, and by day 9 more samples
from the non-carrier lambs were above both of these shear force
thresholds.
A linear regression model did not ﬁt well to the shear force data
when plotted against conditioning time (Fig. 5) and explained only
19% of the variation in carrier ShF and 3% in non-carriers. From
Fig. 5, it appears that this poor ﬁt is likely to be inﬂuenced, in part,
by outlying values, particularly the high values observed at day 5 of
conditioning, which were mostly from non-carrier lamb samples.
Although the slope of the regression line for carriers (0.254)
was more negative than that for non-carriers (0.098), suggesting
that the rate of reduction of toughness with conditioning was
greater in the TM-QTL carrier samples, this difference was not sig-
niﬁcant (P = 0.136). However, this trend agrees with those ob-

















































Fig. 5. Linear regression of shear force (after adjustment for sex and loin section) on
conditioning time (carrier values offset by 0.2 d on X-axis to view more clearly).
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The direct effect of an increase in loin weight in crossbred lambs,
as a result of carrying one copy of TM-QTL (Macfarlane et al., 2009),
was conﬁrmed in this study, and the magnitude of the effect was
similar (10–12% in this study and 7% in the earlier study). TM-QTL
carriers also had signiﬁcantly tougher loin muscles than non-carri-
ers. However, differences between this study and the previous study
that require further explanation include those related to sex by
genotype interactions,magnitude of the shear force values observed
and outlying values at the tough end of the range.
The sex by genotype interaction observed in the previous study
was not evident here. Entire males tend to have less tender meat
than castrates (Field, 1971) and so any increased toughness ob-
served in castrated carrier lambs was expected to be greater in en-
tire male lambs carrying TM-QTL, increasing the differential
between female and males. However, this was not the case. The
lambs in the current study were produced on a different farm,
using a different Mule ewe ﬂock, but one of the two TM-QTL sires
used was the same across studies. The carcasses were smaller on
average in the current study compared to the previous study
(13.7 kg vs. 18.3 kg) when slaughtered at an average age of
21 weeks. However, carcass weight, which ranged from 8.2 to
21.8 kg, had no signiﬁcant effect on ShF in the current analysis.
Therefore, size or stage of maturity (expressed as a lower propor-
tion of mature weight) cannot fully explain the differences in the
effect of sex in the two studies.
Mean ShF values were higher (5.17 for non-carriers, 6.25 kgF for
carriers) than those found in the previous study (2.85 for non-car-
riers, 3.69 kgF for carriers) when measured by the same equip-
ment. There were also a number of samples with extremely high
shear force values (61 samples >8 kgF, 20 samples >10 kgF). The
reason for the increase in toughness compared to the previous trial
is not clear. Lambs were slaughtered at the same abattoir in both
studies, using the same electrical stimulation method. Post-slaugh-
ter processing protocols are known to have major effects on meat
quality traits, such as tenderness (SEERAD, 2004). Electrical stimu-
lation of carcasses allows more rapid chilling without cold-short-
ening and causes the tenderisation process to start earlier (Carse,
1973; Hwang, Devine, & Hopkins, 2003). Electrical stimulation
may differentially inﬂuence young or light carcasses (Thompson,
2002). However, shear force was not related to carcass size, confor-
mation or fatness grades (converted to numeric scales), with corre-
lations close to zero suggesting that high shear force values were
not related to stage of maturity, fatness or muscling. Unrecorded
processing factors, such as electrical stimulation or chilling condi-
tions, could have affected tenderness of all, or some of, the sam-
ples. Carcasses were slaughtered in batches of 20 and at the end
of the processing line were removed to be assessed by a video im-
age analysis system (as part of the larger trial), and only returned
for electrical stimulation once all batches were measured. This re-
sulted in differences in the time interval between slaughter and
electrical stimulation. However, very high ShF values were not re-
lated to slaughter order, which makes these explanations less
likely. Signiﬁcant effects on tenderness of lamb and beef have been
identiﬁed in previous studies due to the abattoir used or even
slaughter day within-abattoir, which cannot be fully explained
by factors such as method of electrical stimulation or level of ﬁnish
of the animals (e.g. Hildrum, Solvang, Nilsen, Frøystein, & Berg,
1999; Johnston, Reverter, Robinson, & Ferguson, 2001; SEERAD,
2004). Differences in unmeasured effects, such as rate of cooling
or storage temperatures, were thought to be possible causes for
these differences. Strict protocols were followed at the University
of Bristol to standardise freezing, thawing, cooking and measure-
ment of the loin samples, and no obvious relationship was ob-served between number of replicate sub-samples tested and high
ShF values.
In the previous study (Lambe et al., 2010), the highest ShF value
recorded on a non-carrier lamb was 5.9 kgF (57.9 N), whereas the
highest TM-QTL carrier was 11.9 kgF (116.7 N) and the three sam-
ples measuring over 8 kgF were all from carriers. However, of the
61 samples with ShF measurements >8 kgF in the current study,
60% were TM-QTL carriers and 40% non-carriers. Outlying values
in the tough end of the ShF scale were most commonly encoun-
tered in the samples that had been aged for 5 days. The reason
for this is unknown and is not obviously explained by any of the
variables recorded. Five day conditioning of lamb carcasses is likely
to be the treatment that would be most typical in UK slaughter
plants. Separate analysis of only the data from the 5 day condition-
ing treatment still resulted in a signiﬁcant difference between ShF
values of samples from carriers and non-carriers. Nevertheless,
very high individual shear force values were not consistently re-
lated to TM-QTL genotype.
The tenderness-measuring equipment that was used in the
present study (TA-XT2 texture analyser ﬁtted with Volodkevitch-
type jaws), uses a ‘‘bite test”, where the cooked meat sample with
square cross-sectional area is compressed between two opposing
rounded blades. The MIRINZ tenderometer uses a similar mecha-
nism. However, the Warner–Bratzler equipment uses a ‘‘shear
test”, where one bevelled blade with a V-shaped edge is driven into
an opposing slot and through a round core of muscle (Wheeler,
Shackelford, & Koohmaraie, 2010). Although all these devices mea-
sure tenderness in terms of kgF, it is not known whether the refer-
ence values used here to indicate the limits of consumer
acceptability (which were measured using MIRINZ or, more com-
monly, Warner–Bratzler equipment) are directly comparable to
values measured by the TA-XT2 device ﬁtted with Volodkevitch
jaws. Dransﬁeld et al. (1981) commented that a 5 kgF difference
using Volodkevitch jaws was equivalent to about 3 points of an
8-point sensory panel tenderness scale. Hence, a difference of
1.08 kgF, as found here between ShF least-squares means for carri-
ers and non-carriers (6.25 vs. 5.17 kgF), would be greater than 0.5
scale points on the sensory panel scale, a difference which is often
found to be highly signiﬁcantly different (R.I. Richardson, personal
communication).
Although found on the same chromosome, TM-QTL is known
not to be due to the same mutation as CLPG, since this mutation
was not found in the Texel sires initially used to identify the TM-
QTL (S.C. Bishop, personal communication). However, it can not
be fully excluded that the basis of the TM-QTL is another mutation
in the same gene. Unlike CLPG (Duckett et al., 1998), enhanced pro-
cessing eliminates the negative effects of TM-QTL on shear force
tenderness. The reduction in toughness with ageing was found to
be slower in CLPG carriers than non-carriers, but the opposite ap-
pears to be true for TM-QTL carriers vs. non-carriers within the
present study, with no signiﬁcant differences between groups after
9 days of conditioning. Thus, if the lambs from these carrier sires
are processed through abattoirs with enhanced protocols they
could beneﬁt from increased loin weights with no detrimental ef-
fects on resulting tenderness.
The frequency of TM-QTL carriers in the UK Texel population is
not currently known. Within-family linkage disequilibrium has
been reported for this QTL (Macfarlane et al., 2009), which means
that different marker haplotypes are associated with the TM-QTL
in different sire families. This implies that a straight-forward pop-
ulation-wide molecular test would not be available, unless further
ﬁne-mapping results in robust markers that were in population-
wide linkage disequilibrium with the causative mutation(s). The
impact of the current results could have very different implications
depending on the background frequency of TM-QTL in the wider
720 N.R. Lambe et al. /Meat Science 85 (2010) 715–720population. If this is low, then introduction of the QTL could result
in a further increase in muscling in Texel-sired lambs, particularly
in the high-priced loin region of the carcass. However, without en-
hanced processing, the tenderness of the meat resulting from these
lambs may be reduced. If the current frequency of TM-QTL is high,
then our results would suggest that more careful processing of all
Texel crossbred lambs would lead to a marked improvement in
meat quality from these genotypes.
As part of the larger study that encompasses this work, tender-
ness will also be assessed in purebred Texel lambs carrying zero,
one or two copies of the TM-QTL. This will help to determine the
mode of inheritance of the TM-QTL and test whether the effects on
carcass andmeatquality traits are additive.A sampleof thepurebred
lambs produced will also be assessed by consumer panel. This will
allow a clearer indication of howmeat quality acceptability is asso-
ciatedwith the TM-QTL,whichwill, arguably, bemore relevant than
thresholds implied by objective, mechanical tests of tenderness.
4.1. Implications
As found by Lambe et al. (2010), TM-QTL appears to have a neg-
ative effect on loin tenderness in crossbred lambs. This can be
overcome by enhanced processing, but would require conditioning
for more than 7 days. However, if crossbred lambs carrying TM-
QTL were marketed through appropriate companies that use en-
hanced processing protocols, they could potentially lead to in-
creased returns, resulting from higher loin muscle weights,
without any negative effects on meat quality.
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